Citrus are among the most cultivated fruit crops worldwide and occupy a paramount importance in 11 the Tunisian agricultural sector being one of the strategic products. Despite of that, little is known 12 about the quality parameters of Tunisian sweet oranges and some cultivars have not been 13 characterized yet. This work aims to study the coloration diversity of twenty-five Tunisian grown 14 oranges by analyzing their total and individual carotenoids content and the relationship with 15
Introduction 33
Fruits from the genus Citrus (Rutaceae family) represent one of the main crops in the world with 34 120 million tons produced in 2014 (FAO STAT, 2016) . Citrus is a large genus and includes 35 several major cultivated species (Xu et Orange production covers 16,500 Ha in the Cap Bon, the main production area with 45 % of the 73 lands devoted to this orange (Snoussi et al., 2012). Nevertheless, some cultivars are threatened by 74 extinction due to their substitution by others more productive, the urbanization, scarcity and low 75 quality of irrigation water, changing in cultural practices and expansion of diseases. Thus, it is 76 urgent to maintain and enhance the local germplasm that allows agriculture to adapt to uncertain 77 future. The current study, focused on Tunisian orange cultivars, aims to evaluate the content of 78 carotenoids in local OJ to better characterize these genetic resources and enhance juice production 79 and quality control programs. 80
Materials and methods 81

Plant material and sample preparation 82
Twenty-two Tunisian sweet orange cultivars belonging to navel, acidless, common and blood 83 groups were studied (Table 1) . Washington navel, Moro and Double Fine Améliorée were also 84 included in this study for comparative purposes. These cultivars are grown in a traditional Citrus 85 production area located in the Cap-Bon peninsula (North-East of Tunisia, 37º 05' N 11º 02' E). The 86 soil of the orchards were classified as sandy-loam. The Mediterranean climate characterises Cap-87 OJ samples were mixed with 3 mL of extraction mixture (methanol-acetone-dichloromethane, 116 25:25:50, v/v/v) (all solvents were HPLC grade, Scharlau), vortex for 1 min and sonicated 5 min 117 at room temperature. The samples were then centrifuged for 5 min at 3500 g and 4°C and the 118 lower phase was recovered. The upper phase was re-extracted with 1.5 mL of dichloromethane, 119 sonicated and centrifuged as before until being colorless. Carotenoids extract was saponified with 120 5ml of KOH methanolic solution (12% p/v) for 2 h in the dark at room temperature with gently 121 shake. The saponified extract was extracted with dichloromethane and washed with a solution of 122 5% NaCl in MilliQ water until the aqueous phases discarded was neutral. The extract was then 123 concentrated to dryness under a N 2 stream and stored at -20°C until further analysis. At least three 124
replicates of each sample were analyzed and all the operations were carried out in ice under a dim 125 light to avoid photodegradation, isomerization or structural changes of the carotenoids. 
Statistical analysis 146
Statistical analyses were conducted using a one-way analysis of variance ANOVA and the 147 significant difference between means was determined by Duncan's multiple range test (p < 0.05). 148
The results were presented as mean values ± SD (standard deviation). Data were analyzed also to 149 determine correlations between color and carotenoids attributes using Pearson correlation. 150
Statistical analyses were carried out using the SPSS 13.0 software. 151 
Results 157
Diversity of coloration and total carotenoid content in Tunisian sweet orange juices 158
Each orange cultivar has its characteristic juice color that varied visibly from red pigmented to 159 pale yellow. In fact, all juice color parameters varied significantly among cultivars when they 160
were evaluated in the CIE L*a*b* system (Table 2) 
Correlation analysis 212
In order to evaluate the relationship between the individual and total carotenoids with the juice 213 color, a correlation analysis among juice attributes was performed (Table 5 ). The total carotenoids 214 were highly and negatively correlated with lightness parameters (L * ) and Hue angle (H), and 215 positively and highly related with redness attributes (a * ). It was also noticed that yellow intensity 216 index (b * ) was better correlated to individual carotenoids (Table 5) . (all-E)-violaxanthin as well as 217 ζ-carotene were significantly correlated to yellow color intensity index (b * ) while zeaxanthin and 218 lutein were positively related to Chroma (C*) and (b * ) coordinates. 219 Additional studies also determined that zeaxanthin and lutein were positively related to Chroma 287 (C*) coordinates (Melendez-Martinez et al., 2010) corroborating then with our findings (Table 5) . 288
According to these results, the impact of the chemical structure on the color of carotenoids is well 289 
305
Means with different letters indicate significant differences at P ≤ 0.01according to Duncan range test. 
341
In this study the intercultivar variation in carotenoids observed in Tunisian oranges is qualitative and 342 the genotype contributes highly to such differences since all the studied OJ come from mature fruits 343 with the same growing conditions and similar geographic origins. Major carotenoids in the twenty-344 five studied juices were similar to those reported by other authors and twenty-one different 345 carotenoid peaks were separated by HPLC-DAD (Table 3) 
Conclusion 378
The data presented in this work highlights the potential of some of the sweet orange Tunisian 379 cultivars evaluated and these results might help in further genomic research as well as in breeding 380
programs. The individual and total carotenoid contents as well as color attributes varied 381 significantly among the studied OJ. The Maltaise demi-sanguine might be considered as 382 carotenoid-rich cultivar, which combines an attractive color with the benefits associated to 383 carotenoid intake, making this orange desirable for juice processing. Moreover, the Meski Ahmer 384 cultivar has been identified as the first sweet orange from the acidless group which accumulates 385 lycopene. Due to the health benefits associated to this carotene, this cultivar deserves additional 386 investigation and may help to understand the process governing of lycopene biosynthesis in orange 387 fruits. 
